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“1’llc  oll)il:tl al[il(l(l(  \!’il\  11 illllllc(l 1(11 Illc l;l\l 11111>(’ (I:lys of (11(’  M’C(HI(I lli~lll  ill (M(lcl 10 ]M()\’i(l(” 111(’
ajqu(yui:l  ((’ ~,colll(’[ly  fol ll’j  Kill -nil  Ck  illl(’llclol[lclfi(.  (I:ll; l fl{)llt il:iy 10 (I; ly :11 ),1 (J\”rf 111(” six 111011  (11s lx’[\\’cc[l
flijlllls. ‘1’lIc Mw)lI(l Ili[l,lll ])lo\’i(lr(l 11)( ol)l){)lillllily foi aucwII III of Cll;iliy( v,illl lilllc (IIIC 10 Sc;is(}fi$ :111(1
(JIIICI I; K’I(Ms. A I(WII of 143 Ilotlts (93 tcial)i[s) (~1 SAI< d:ii; t u,c!L. (Iij’, i[:llly (:tj)cltc{ii{lcd  :II){I;II(I  IIIC XI IIIIIIC

1 0 1  IIIr two  l]iy,li(\  [01 SIllNX~IICIiI  ]}j(wcssilly, :11 .II’I :11)(I ill (i. II IIa IIy :111(1 lI;Ily. Sclc{((,{l SAR d:I(:I ~~rrl~
d(mvllillkd  via llIc ‘1’ltlckillp, :ill(l ]Ml;i Kclay S:dcllilc SyslrII) ( 1’1)1;SS) to ll(NI~[[MI (q~rldliolls ail(l 11’1, 101
l)loc~.ssii)~,  (I(llill},  Illc ll)i\sioll.  ‘J’llc S1111[[1(’  CIl,lj, ])llol(lf’l  ill)ll  C(l  llI:llly  of 111(’ Silci  fol SIII)SV(]IICIII  C(lIlll):lli\OIl

()[ (}l)lic:ll  ;111(1  lil(l[ll  it[mfyx.

1 ‘1 .Kil I 1’ SYS’I’I  .A1 ()\’lx\ IIM’

hft~l(ijdc )’I eq{wtiric.v  (iIKi  I’01(11 i?(l(i(ms

Sll{-(~  ;III(I X-SAR  WJCIC cflPc[i\’cly five  I; I(IWs wi[li J1’~:Iid I ) fl~(l~l~ii~~ :IIKI IN)l:II idioll, Sll<-(~ o]KIiI[cd
[II 1?50 MIIY (1 .- I): IIKI) :iII(l 5300 h411z  ((~-l xIII(l) w’i[ll III)  II) fo[:~ silllul(;lllcolls [liill\[ili(/lccci\~c ]x)l:lli~.:[(i(nl\
(VV, \~Il, lI\~,  V\~),  w])ilc X-SAR  (J])c]:IIuI [I( ;~ siily,lc 90.0 hf[l?  (X.l);  ill(l)  flcqllcncy  \\’i Ill Vv

]K)l:lli’Lillioll, ‘1’alllc 1 Slllllltl;llizcs III(’ ]){)ssil~lc S11<-(’  llr(l~lriicy :111(I llolilli7 tli(jll collll)ill:l[iolls”  ald IIlcil

llliliz:lli(~ll of IIW folll  4S hdblls d:II:\ CII:IIIIKIS. S i l l - (~  lc(juil((l  fo~ll ]dlysiu:~lly ~[’l)iliii[~. 1<1:  []iltl~llli[  [III(I

]t’c(’i\’c  Cll:lllllcls fol silllulldllc(m  (l]  K’lillioll  al 1 ..l):lil(l :111(1 (~. !mll(l, Ca;lI llsill~ 1){)11) Ycllical :111(1 lloliiollt:ll”
])ol:lliz:lliolls.” 111 (~l[lcl 10 oj)Clill(”  (111; 11-])01  llilllSlllil  :1( :1 p,i\Til  ll(”(]\]Cll(”y,  Illc  \llii(;[l  :111(1 IK)liz(llll:ll  ] ) 1 1 1 S ( ’ S

:111’  Slitf],  $l’ll’(l  itl Iillw :1[ OIK-ll :11(” lllr. ilmpulsc  ])cliod S(I as I(I S~Jl~llill(’  Illc Iii. (. alILl (’I(M-]X)I  ccl I() IL’IIIIIIS.
‘l’IIc slilll(l;ll(l (l{llil ~olll”l~,lllilliolt” ]Il(nri(lcs ii sill~,lc 45 h41~j)s CII II IIIC1  fo[ :{ sill[ll~ II1(](ICIICY :~lld ])oliit iliilk)]t
coll)l)ilm[i(m. ‘1’lw cflwlivc. (Ma  lill(’  is (hll)l(d fol II I()(I(X whi( II ]~l(widc l\vo (-l I; UlliClS fol a f,ivcli flc4JllcllCy
;111(1  IM)I; II iulioli Colllljitmlioli,” ‘1’IIC. cfkWi\’c (Iillil  lill C i\ ll:ll\’Cll I(M IIK’ (111:11 -fl(’Ljll Cll C~, (]11:1(1-]1{)1 IIlo(lc, Wllc’11’

IN)(II  Iikl’ aIId cI(wIN)l :Itl  Iilllc-lllllllilllcxcll  ill a sin.vlc ClI:ItItII 1.
‘1’lIc SI1<-(YX-SAI< liiil~,~ of Iil(l;tl  scllsi(ivi(y [() s(l,iil~t ]OL)}III)CM :111(1 Iil(i;i[ si}!,ll:ll l)cll~iiit[ioli i\ CAICIKIC(l

I,y :1 I:lclol 01 X ()\’(Y 111:!1 (~1 :1 si[lf,lr Ilc’{!ll(’ll(”y s)slclll. Milllil)!c ]K)l:lliz:llioll< [lllui[lcr III(’ Iil(l;ll  1):1( ’ksc:ll((’l

s(>llsilivily  10 [; Ilg,rl  slIIlcl Illc [31. With IIw al]ljllilu(k  (d I(ml ]Kll:lli7:l(iolls :111(1  (l IL’  lc’l:tlivc  JIII:IW I)CIWCCI1

llIclit,  Ilw  C(llllj)lclc  SCit((Clillf’,  IIl:lllix  O r  a  scc’l Ic cdl  I Iw (1 ‘iivrd  (111 it Ilix(’ll)y.]]ixcl  I);lsis. I;IOIII lIIC
Scflllclillfl, Ili;\ll iA, ;111 I){)l;tliia[ioll  lL’Sj KMISL’S (’illl  tL’ ~L’llCliilL’(1  (iulilly, ]uoc{’s\illj: 141. ‘1’llC arlivc ]lll:l\C(l ;Illily
j)]ovi(lvd  llIc  illclu;lwxl sc[lsi(i\ily 1{.qllilr(l [() (Icl(c{ vcnk { l(lssl)(~l:lliz;,li[)ll ucllocs, \\’llilc IIl:lill(ai[li[lfl,



:IC(.L*I)I:IIJC lI;IIISIIIil j)owL’J kvcls, (luc 10 [lIc. l{w:lli(~ll (II (IIC tl;~llstllil :Illljllillcls  aIILl Icccivcls Iwxl 10 (IW
:1111($1111:1  Iildi:llillf, clcll)cllls.

7 I(ltl.!ltlii  l’lil.sc (/l(li  (ic(i’i  i.~(i(,<

lI{JIII Sll<-(~ :IIK1 X-SAR UNI1(I SCICCI a 1()-hilly (M 90 htlb (I,l[lstlli[ l,:lllclv~i(l[ll, III :Idtli[ic)ll, Sll<-(; nmld
(JJX’lillV :1140 Ml 17,, II) CI1”;IS(’41 I);lll(l\\’i(llll ]]lovi[lcd iloltiwl sJ1;l(, II lc>s(du(i(lil ;11 Illc CA]WKC of swdlll Wid(ll,

X-SAR  lHI(I a sill~l,lc (Iallslliit lNIISC lcli~,[ll of 40 }Is, wllik S11<-(; II:MI S.5, 1“/, 01 33 ps. ‘1’IIC l(HIF,CI
]nllsc Icllf,llls Illiwidrd  itw~(vlwd III(’ sit’,11:11-lo-lloisc” Iil(io fi( llIc ( xjwllsc  (II SIItlllll Jx)v;[v.

l’ulw l<cl~clili(Ml l;llquci]rics (1’1<1’s)  fI(m I 124(1 I(, 1“/3(1 l) LI1.cs ]JCI stT(MI:l v,uil :Iv:til:ll,lc 101 Ix)lli Sll<-
(! WN1 X-S AR. (hlc wlw ws srlwhxl ]WI dal:i Iakc I(M INMI S1 I{-(:  aII(l  X-S AI; so III;II  IIIC ilii;ly,cl  y cOIII(I

I)c colttjmll’(1  011 a ])ixcl-l)yj)ixcl  lm<is. 1 mvcl l’l<l:s alh)v:cd liducli(~ll of IiIIIp,r  [tllll~i~,ui(ics \\’illl widcl
SV,I:IIII, \\’llilc [IIC lli~,llcj l’l(l:s ]MIwi(lrd a lli~,lw si}~,ll;ll.lo ]Ioisr ]tllio :ill(l l(d~l(c~l ;l/illllllll  :lllll)i~,llilics. ‘1’IW
sclrclioll of 1’1<1: also dclcl’lllild [Iw !msi(io]l {J(llc  C{.IKI diflilif;tliolt V.’ildoll” ill 11}[’  illlcljwl~r  ]x’li(xl

AtIICIItIO  lk(it)l~ttidild SHKioI M’idih
‘1’lIr X-SAR  :IIIICIIII;I 11:1(1 :1 fixc(l twalllwi(l[li of 5.\ (lcp jti  c[cva[iol)  aII(l  (i. 14 dc[!, jII  a~.il(iu[lt,  ‘1’IIC  SIR-(:

alll~”lll)a llu;ullwi(lllls ill Illc w~,illlullt dilccliol) wcic t .() (lc~, 41 1 ,-l):tld iIIId ().’?’> (IcII, :11 (’-l I: II Id, ‘1’IIc S11<-(1
]III:I\cd  ~lllil~ ])l~)vi(lcd fol I)lo:l(lc]lillfl, of llIc twwll i[) llIc (lcvd’iol) (Iilc(liotl  11(1111 ilk ]Ilillilillllll  $(k’p, J’all)c.
Sr\lv\  Sll{-(!  l)ralII l)lomlctlill~ v: IIIIcs aml(l  ltc sclc(kd fu aII illulllill;lliol) })(;llllv:i(l[ll ill clcva(ioli of IIJ, to
10 (Icr,. ‘1’llc SW’il[ll widlll Wlll;{lly adlic.vc(l ill Illc i[[l;lyc is (Icl(’t  Illi[w(l  t)y IIIC Sy4riIl  (M:!  Cal):  icily  10 ]M(KIIICC

1“(111 IaIIy,c c(~]il]~llssioll (Nci tlIc Clllilc illla~,c sail II)lcd, w It’cll a s  t)y [II(  aIIlCIIII:I illulllill:ltiori,  Aflct

Acll’cli(nl 01 IIK flL’tlllCllC)r/j  ~ol;lli/.illi{)ll II I(KIC, Imtl(lv,idlll, d:l(; I(MIII:II, :111[1  :1111[.’llll;l lm~’sir,ll[ :lll~,lc, :1 lK’:1111
t)l(m(lclliilf!, v:ilw  was sclcclcd to IIIOII° (q}(illl:llly ill~ll]lill;llc (lIc t:lly,cl.  ‘J’tlis llIvolvc(l  a tlii[l(’  l ) r l \ i ’ c e l l  l’l<l;

aIKl liIII~,c aIId  :l~illlu{ll allll~ig, ui(ics. ‘J’IW lli:l~itllutit sw:dlt wJ,l Ili aclticvc(l J“(u X-SAR  \JI;ii ()() kIII :uId IIIC

Ill:lxilll(llll  101 Sll<-(~ (wiilloll[  S(~ANSAl?) W:IS 90 kIII. ‘Ill ]Ilil]illlllill  sw’;I(l I wi{llll w:I\ 15 kIII iol IIIC
Silt-(: (1(1:11  -fll’(]llcllcy, qllxl-pol lIKKIC.





SCICCINI incidcncc  ang]c. ‘1’lm  X-SAR  ali[cnt)a pa!lcrji is [ajm (d ii] ckv:tti{)lt,  :IS is S11<-(!, for dud
sidckhcs  and  impmvcxl  allll)iguilics.

RF IN(’CII (mica<
‘1’hc S11?-(;  l{l; clcclmnics  drive tlIc alllcnna dislrilmlcd hiF,ll-powcl al[]j)liflcls willl cllil]) sifymls at 1.-

and (;-band frcquuwics for I)MII 11- aIId V-1101 illi7.~li O1)S.” ‘1’I)C S11?-(; chirp is a dip, ilally F, CIKY{llCd tOllC,
wllicl)  is swccssivcly  fmqumcy  slcppcd  acres tlIc RI; Mdwi[ltll  ovcv’  IIIC Jmlsc  dulation.  ‘J”lw sim of Illc
sIcps WCK SCICLKX1 for a low p}mw c] HM WIICW concla(cd a~ailt~l a]) ideal lit wal 1 hf si~~,[ial. 1 ;OI Ilm dual-pol
(l:~(]smi[ lnwlc, Ilw sccotd Jmlarimlion is Wansmillrd  wi{h  a dcliy  of olt(:-lmlf tlw ill[crpulsc JK’liOd rclalivc.
to (IIC firs{, ‘1’hc lrawmil pulse bandwidhs  (10, 20, o] 40 Ml Iz.) ad puke lcItF,Ilts (KS, 17, 0133 ps), wcic
]na(k feasible by IIic digital chirp g,cmalion.

‘J’lm S I I<-(: rchml cclmcs fmn Ilm all[c.nt)a dish ilmkd lmv-]l)isc alnJtIificls af c (I(lwllc{)lt}’t:rlc(l in Illc 1<1;
clcchonics  10 four clEtIItds (1 .V, 1.11, C:V, (:11) of lW)F,C offw.~t video. 1 ‘w a dIIal-Iml Imnsluil IImlc., Ihc

rcmivcr gai]] will bc [ogglcd [0 bc low for Ihc like-fd and hij’11 for Ilw c1 oss-])ol” echo. 1 kdI video mlpul
coukl h skzrcd 10 ally of Ilic four dip.i(imi- illpul chal)lds.

‘1’lw X-SAR  l<l; clcclrw]ics  IISCX  IWO smfacc  acxmtic  wayc (SAW) dcviccs 1(} p,cncmtc Ilm 1O- or 2(L
Ml lx b;lldwid(li  clliq) INIISCS, wl~icll  drive tlm (Iamllitlct. ‘1’11( ]Iig]l JXWJ(’I alllplifler (] I} ’A) p(wcr  supply,
col~lt(~l,  alId  plolcclion  dcviccs  a r c  co]llai]d  ill a hnv vollaj’,c  sccli(u]. ‘1’IIc  (I avclillg vwvc  Iul)c (1’W’I’)

alnJJli  [icr is col)l;lil]cd it] a scalcil collltiincr al 1 almi(mpl]crc, d Jwcssul 1... ‘1 “}w Jwak ‘1’W’l’ on[pul Jmvcr is 3.?

kilmva[(s ald (IIC overall J J I’A cfficiclwy is ‘?8 JKV mitt.
‘J’hc X-SAR  rcccivcr  gain is c{)JJ~I]~;iii{l:il)lc from tlm f,rmll~d or ml\(~lllaticaliy c(m[rollcd (A(W). ‘1’lm X-

SAR mccivcr sys(cll~, ulilikc Sll<-(~, incorlmra(cs (Iuadrattltc  rcmivc]  OIIIJNIIS  t o  p r o v i d e  botlt  1 and Q

ou(pli(s for dala pmcmsing.

I)i~i[iz(’/-  (id l-bIi}Mi[l(31
liaclI of four SII<-(T dala CIMII]]ICIS acccJ}ls mc  (If (IK f(mr’ offsrl vid~>o  cII;IIIIIdS fi’o]n I}m SIJ<-(T ](l;

I-cccivcrs, W1)CIC each CII:IIIIIC1 contains  a frcqucr)cy  aIId polalim[ion as drflllcxl ill ‘1’abk 1. J k}) clial]t]c] is
dif, itinxl, lwlfcrcd, forlnalkxl ad oolJM al 45 h4@ [0 Ilm 1 (Juliug clccl  I oltics ill IIIC CI cw cabin. ‘I’l Ic oulput
f(mlla[ is sclccl:tldc as 8 l,its/salll]k,  4 t~ildsalllplc,  or (8,4) Idock fl(m[itl~ ]x)ii}l quanlim[ioll (lll;l’<)).  lior
I!l;I’Q,  d:lla blocks  o f  1 2 8  salllplcs o f  raw cclto dala :Ilc. di~ili7cd I(I 8 l,ils/salnJ>lc  with ulliforln
[]l];]]]li~.:lli(~l~. Suhscls of 4 }~ils of cacli 8-bit SWUJ}IC arc scJctIcd I)y a ]llcdclrllllild algm il}ll]l, effectively
]mwin~ Ilm “fkmlillg Jmin(” marker’ in binaly da(a. ‘1’lm (8,4) III;I]Q ]Imllw{l J~iovidcs an oulpul ralc similar
[0 a 4-t)il uniform syslcln  bu( wi[li lJic dynanlic  rw)gc of aII X-hil syslcvtt.

J (or X-S AR, at}ak)~, J/Q data rcccivm  arc col}vcr[cxl I(J (Iigi(al form wilt t cikr 4- or 6-l]i( cmivc.rtcrs.
After [imc cxJxll]sion aIMl f(mu]lliilg,  a scl-ial da(a shcatn al 45 Mt>J~s is pr(~vidcd by X-SAR  to the r’outil}g
ckxwmics in [I]c crc’w cal)ilt.

IMa Routing atld A’wwditlg
All S11<-(; and X-SAR  dala vmrc rccoldcd milmrd  the ShMtlc by tlu Lz tti~ll-rate (Iigi!al rccor(kws in Ihc

crew cabin, ‘1’IIc ddla mtlling clcclronics il~ OK CICW’ cabin Icrcivcd a JmuillL’1 S-hit s(rcam flom each of Ilw
four SII{-(~ channds  a( 45 Ml~Jl$ an{] mullip]cxcd tlLC data into a siI)f,Jc. l)~{lilll~l 8-bit ctmincl a( 180 MbJM
for’ ottc of llm o]lbo;ii d rccordcus dcsigwltcd fw S1 R-C!. ‘1 ‘IK serial X-SAR  dala s[rcaln was cmIvcrlcLl  10
paral Id atNJ rccordcd on lhc rccm’dcr dcdica(cll I(} X -S AR, ‘J’lm dala wcm.’ Icc(dcxl  on laJm casscl(e.s, tacit
slorillg UJJ to ~.? x ] ()” bils. A IOM1 of 360 (aJ~cs  were r’cc,mlc.d dllrillg tlic (v.’t} fligtlls. II R’:K :11S0  JK)SSjl)k
I() rom om of IIm S11?-(; or X-SAR  rc:il.iil]lc illpu( data tlmtmcls (jr (MIC of (IK rccwdcr Jdayback chammls
as a scriaJ 45-Ml~ps data Nrcam to (tic gy(wn(l, using [lm SIIU((lC K(I-II:IIKI lil~k via (IIC ‘1’1 )1<SS.



iu its (mb(wd memory ml cxcmcd  [Ion wlm thcil Iimc taF, DMCIKI1 Illc OIIIKW C] ckK~. A s~:lbl~ kMl
(wcilla(or (S’I’A1 ,()) in IIN l<); clcctrxmics was used by Ihc digital clcc[lollics to co]i(rol S1l<-(~  1’1/1:

c-h:mg,cs, syslcm m o d e  rcccivcr gain, cxcilcr t im ing ,  digilimd  witdmv p(mili(m,  and data chanld
swilcllillg,- ail of which clmngcd stale syfdiiotmm]y  al 1-s iul~rvals. SIR-(’ wsd al) exact i]llcgc.]- ]Iullllm

of 1}1<1: pulses in onc second 10 simplify the. odmard timing. S11<-(; also used l’l<l;s for w]lich there mc
illtcgcr umtlbc.l- of 8-bil byks in an cclm Iangc lilw 10 silup]ify [Im grou[d pltn’.wiltg  (0 ilwlgcs. ‘J’clcmctry
siglmls from the S] [{-(~ fisscmb]ics WCN  co]lcclcd  in ltm (~ I’1’A and d(nvll}illkcd 10 IIK! F,1OHIKI Opcl”ali(ms

ccnlcr.
‘1’IK- X-SAR  diF,i[al clcc[r(mics p]midcd HII X-SAR  ilml[ LIIIICI)[  itltcl  fwcs, COIIII  d, ald IImnitoring. X-

SAR was c(mm:m(lcd scpara{cly  frmn S1 I<-(:. X-SAR (imi!lg was cmIK)llcd by a cl(wk, which was plmsc41
hxkcd  10 Ihc S11<-(; S’1’A1 () whc.n boll! syskuns me ojjcra(ing ~yl)cll[olmusly. X-SAR  was :IISO c:tp:tlk  of
OpCHllillF,  :t(IlolIoIIloLIsly flom ils owl) liminp,.

Aflcr c:lch SIIUI(lC lal~ding, tllc SAR fligl~( Mpcs wcm duplitdcd al .1I’1. ald  IIIC  ]Imlcr slmd. 1 )up]icalc
X-bald  l:lpcs were dislri[mlcd IO tllc pr(xxssing  facili(ics in (i,wn:tny  itll(l IIaly :{11(1 duplicalc  Sll{-(~ lapcs
were rclaii~cd a( J 1)1,. Survey a[d pr~.cisiol] procc.wi[lp, will bc accolnp]islml usillp, di~,i(al SAR Jmccssol-s
spcciolly dcvdopcd  by c:wll COU]III y. Survc.y ploccssil~g is (Iol)c. fmsl, will) Icxluccd pr’ccisi(ul :tttd fasl
Ilmmghpu[, to verify cdlcdi(~l) ald sclccl for furlllcl Ill Occssillj’.

llsillg tbc Sl]ut[lc Ku-b;u](l (Iowlllink via Ilm ‘1’1)1<SS dulinp, the flights, X-SAR  Im(luccd X-bald  images
in rc;d Iim al .JolIlmI1 Sp:lcc (1311c1’ (.1 SC) WK1 ] 1’1, III oduccd 1,-halKl alNl (:-b:ltd images in near lcal t illm.
‘J’hcsc d(nwllinks allmvcd C. IKI-lWCIK1 vcrifim[ion of all syslc]u compo]wills (lu( i [If, IIIC mission :IIKI provided
limikx] produc[s for public rdc;I.sc.

RIiMOTI; SIiNSING Iwo )UCJX

1 )clivmy of full-quality pr(xluc(s to tbc Scic.lwc ‘1’c.aIn fw i[lvcsti:,:ltio]] CO IIitIICtKXXl ill July 1994. II is

cxpcc(cd 10 rc.quim :iboLII mm ycxrr to cmnplc.[c full -qllali[ y 1)1 ( KIUC(S fm (Ilc 143 lM mm (93 kwbil, s) of SAR
dala. ‘1’IIC resulls of scicll(ific illvcslig:llion usinr, tlIcsc ]mdllcls will lw pul)lisllcd by Ilm Scicl]cc ‘1’cam.
‘1’hc discussi(m  w h i c h  f(dlmvs doc.s not prcscllt Scicllcc ‘J’c;,m filditlgs,  bl][ ]a[hcr Iligllligll[s (1IC l-dir
rcmolc. scming ulilily  as illustfillcd by SII{-(YX-SAR  ima(cs. ‘1’hc bl;ick and wllik Cwlslrailll oli IIIC
ilnap,cry show!] IIcrc’in limits (IIc. fll)ilily to illustrate ]nullifrc(!mmcy :It]d ][l(lllij)ol;lriy.[lli(~l~ charac(crislics,
since II)(N of IIW availabk SIR-( YX-SAR pI-tduc(s  usc false c~llor to lliF,llliyll( II ICSC. lmkscalkx  siglm(urc,s.

1 bpogt-aphic Map])it)g
“1’IvJ usc of in(crfcrmnc[ric SAR (o measure. clcwilion is tmc of (tic ]m)st powerful c:qmbili(ics of [hc

IX(kr. An ill(crfcrolllclric p:lir of dalfi  (Iakcn frolll  c]o.w]y  spaced  posilioll.$) is Jwoccsscd  10 follll comJl]cx
iluagcs; (lIc ilnagc p:iir is  coinbilml  10 pIoducc.  aII inlcrfclogmln (l\\’()-(iil]lcilsi()Il:ll displ:ly o f  pll:isc

diflcrcnccs bdwcxw  IIlc ccbocs);  ald  IIIC difl-crcnccs ill jhasc :Irc tr:tmsl:Ild t{) rlcwilion. ‘J’hc ckwatim data
cm Ix used to r~mlovc image distm Iiml :md pr(ducc a coI)(ouI  map. 111 addilioll, a Illrcc-(lilllcllsiol]:il ilnagc
]nay bc formed by Jllacing IIK imaf,c pixels HI IIIC nwmmi clcwa(ions. J~i~. 5 ill~ls([a(cs Ii[is pmccss using

1.-bred im:igcs lakcm over 1 mg Valley, (lilifm~ia duI ing Il)c J lrsl and sccmd 1 Ii S]l[s wilh all iillcrfcromc(ric
tmclinc  of 10() II]. AI II KNIRII not a s[andml S1 I<-(: jmduc(, n ILymgrapllic  ]ImlJ of 1,wig Valley derived from
Illc Sill-(~ inlcrfcrogrm  is shown wi(h clcvalion con[our inlci vals of 50 in.

AbsoluIc lwight ]nc:isurcmcnt  will] ]mlcr-]cvcl accul-;lcy ] cqui(cs klmwlcdfc of (IIC lcn~III ald a([itudc of
lIK iukrfcromclcr  bmclinc to [hc ] cm and 10 arc-scc lcvcl~, rcspcc[ivcly.  Sitm k SIN](I1C orbit for’ (Iic
two flighls was ol)ly dclcrlnild 10 icns of IIlckrs, klmvll  glimnd poitlts tit-c tlscd to achicvc. accurate Slll-
(W(-SAR [orographic li]c.:ls~trcj]~cilts. ‘1’hc SI1<-(YX-SAR  (lata will provide a basis for significant
adv:Illccll Kml of spacclmrnc  illtcrfcr(Mnclt ic tclllliqucs llwou~ll asscssIIlc  IIl of vaI iom inlcrfcrolnc(ric crmr
SOUI-CCS, includiug Icmporxl dccorrclnliol]. 1( is IIOW clear (M H properly cqlli] q d sp:tccbornc intcrfcrmnct ric



SAR syslcln could pmlacc  a  global digi(al CJCWII ion map,  ilwla(lit]g  C1OIKI -co\JcI  c(1  alcas, will)  N-m

rcsoluliwt ald 5-III accuracy. ‘1’llis could be dmc in siFnificanlly lc.ss tilnc a[d al Sifytific:u)lly  lowm Cmi
than wi(h olhc,r sys(ms.

Gcol[)gJ1

‘1’hc rdar scnsilivi[y  [0 physical shape and rmghae.ss Jn,ak(x  it useful for ~,cologic mappia~ of fault
sys[cIIIs,  alluvial falls, rock lypcs, sail domes, voleanocs  [ 1 1], I:{va flms, attd H na]t~bcr of other feat urcs.
l~ig,urc 6 shows {tic Kliuclmvskoi  wdcaao in Kamchaika, Russia, which c1 uptd on Scplcfnbcr 30,1994

daring Ibc scmlKl S1 R-f. YX-SAl< fligh( mid provided a tal SCI oj oppoI-[llni I y f(~l  }d IO(OS aIKl  radar ima~ing.
‘1’lIC KaIIKIIaIka volcamcs arc very aciivc md lic al(NIg the [cc(mic  b(madao”  where IIIC l)acific  plalc is
sitlkil~g beneath lhc lluvdsiaa  plalc. ‘1’his  cruplion  spcu’cd  sulfu, dioxide ald a~li up 10 65,(}()() fcd  into the
almosplicrc, wliicl} Ilm radar pcmlralcd to rcvc.al (IIC volca  IIocs p]iysical slalc. 1 ‘i~urc 7 is a radar ilnagc in
(klobcr 1994 w 1.-band and C-band  of Moam l)inalutm in (IIL l’l]ilipl)illcs, wl[icll cruplcd in .lul)c 1 9 9 1 .
Mud flows were sabscqacmly  crcatcd dariag [hc n)t)~isoons ad col~tiiluc to spread mid pkguc the WM.

‘1 ‘Imsmls of homes have been b11ric41  in mud and reck, fowinf, 80,000 pcop]c  !0 flc4: the ma.
l;igorc 8 shows al) cxtrcmcly mid area in southcm  O]m, which allows  IIw radar sigwils 10 pcncll’atc

bcnca{h Ilic dcscrl sand 10 reveal lhc under] yillg limcskmc ad almicnt d] ailmgc clml Ilmls aild riverbeds. ‘1’lIC
uadcrslmling  of bow clima(c clmnp,c impacts lar~c land arcds cati bc dcvclf)pcd by sladyinx structural
{ca(urcs of (lIC past [ 12]. ‘J’his arm contains  tlm 1.OS( (;i(y of 1 Jbal- disrovclt>d ill 1992 Ilmmg,h (tic mC of
rcmolc  sensing da(a.

IIydt dog>)

1 hlc (0 tllc hi~l) radar rcfkc(ivi(y  of walcl, backscallcl is Scttsilivc to nmisl~llc col](cn{ in soil aad gl(mld
cover (i.e., vcgc[alioa, snow) as WCII as to free stalding wat~’r [13, 14]. At (lie saint lime, IIIC Sll/-(YX -
SAR mull iplc. frcqacncy  capability  allows varying dcfyccs  of j ~cl)c.tra(ioa lhrou~ll vcg,cta[ion, snow ald icf..
‘J’hcsc capabilities allow sensing of moistarc colllc.111  ill soil, Vtgctalion and saow.  (;]acicr accumulation ad
abl:l(ioa can bc cslimalcd by dislillguisbing bc(wccn Illc fll fi snow of acclllllulaling areas and ablating
glaciers bcnca(l~ all-y sImw. 1 J1~(lcls(:\\l{lii~g  Inoist urc contcn( it) ia a rcg iml at I(mvs dctcrmilmt im of major

C(mlp(mcnfs  of Ihc large-scale hydrologic mdcls,  Such as how IHuch Imzipil;ilimt  is sl(wcd fmd ]mw mud
runs off. III lli~ll M i(adcs, scasollal  SII(NV covcI  is a IIlaj(w hy(irolo~ic  sloraj’,c coliljmllcnl ald domim(cs lhC
runoff cycle. (ilacicrs arc. ilnJmrlntll indicators of clitilalc ltislo y ald clml~(’.

‘1’hcsc same radar capabilities allow mapping of fkmdcd w cas [15], cvcti It l(lsc which arc ckwd-covcrcd
and Imvc fol-cst canopies. l;or knvcr radar frcqac]lcic,s,  which pcaclralc 10 Illc tree trunks, [Ilc mul(iplc
polarimlioa capability provides cnba11cc41  backscal(cr siglialw t of flood ins.

Vc,goi({(ion M(tpping
Ril(k’ bilCkSC.[lllCl is scnsilivc (0 ttlc s(ruc(utc  of (rccs a n d  folia~c. ‘1’bc SIR-( YX-SAR  mulliplc

frcqucneics extend tltc range of scnsilivily 10 leaf si~cs, brall~l~cs, etc., sillcc lIK tmckseat(cr is proportional

10 [tic si~c. of ohjccls ill rclatioa 10 Ihc radar wavclcap,lh, III addiliwl, ttlc tllul(iplc polarimlims  provide
immscd scnsilivily to tree and fo]iagc swuclurc.  ‘1’hc ]owcf frc.qucllcies calt pcnctralc Ilmmgb llillcl~ of a
C:laopy 10 provide backcallcr  frmn Ihc lrc~ lrm~ks. lklilaali(~lls of fwcsl Iliolllass call lx nude [16] a(ilizing
tlic rcmrl~s over tlw S11<-~/X-SAl< ranf,c of frcqucficics and jx)kwi~al i(u)s, 1 }i\sil Mt ion aiKl rc.growl]i of forest
and vcgclali(m can bc mapped.

‘1’lic. radar scnsi[ivi( y 10 moislulc ill Ilw vcp,c.lal  iml aId soil is all illlpw {:ml faclor for vcgclalion Wltc.
1 ;igurc 9 shows a c.omparisml bctwccn AIM ii 10, 1994 aid ( )clobcr 1, 1994 of images in the Imrc.al forcs[
n e a r  llilicc Albcri in IIIC Saskalclicwan  lhovincc  of C: IIM(l:I. “1’his coillpal i son IIigtllip,ltls Ibc radar
scmsilivily 10 foliage awl (0 moislarc iii Iltc soil slid vcgclalim, wllicll Cb:ll  IF,C (]lIC to spring (hawing ald
[he rainfall ad dropping of leaves in tbc fall. ‘1’hc lnmli(oril Ig of sc:tswmt cli:ulg,cs is alkws  cstilnalions of
(k ralc of moislurc cvapol-alioa and Jclcasc  of cadre dioxide iMo Ilic alnlosphcrc, which is crilical 10 Ihc
global carbon cycle.
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Ocewgl(iplly
‘1’hc radar is scnsilivc to IIIC O(xwl Sllrfacc :-ol]gtmcss  and ShlClulC, SUCII a$ \\’il\lCS [ 1 7], Cull’ClllS [ 18] ald

eddies [ 19]. ‘1’hc surfxc fcalurcs arc it) turn all exprcssiml of subsltrfacc ill(ci lml waves and bot[om
topography.  lrigurc 10 SIKJWS icc flows in (I)c Wdclcl  Sca in An(arc{ica, illuslr:itillg how (I1c radar
capabili(ics allow Il)c classificaliml ad monitoring of sca ict.  ‘Jhc diffcrcnccs  ii] surface due, (0 heavy
rainfall allow (hc dclcclion and monilorit]g of sqalls. ‘1’hcsc arc imporlan[ l{) global climalc as wdl as
navigaliw.  Ships ald IIlcir wakes arc easily disccrnib]c ill ra(lar imagery. oil sl]ills call bc dclcclcd ad
mrmilorcd duc 10 (hc smoo[hlmss of the waler in lhc spill area ]~la[ivc 10 Itm rouflmr surrounding ocean. II)
a (icrlwlll  cxpcrimclli durill~ S1l-?-~/X-SAR, a “silnula(cd’ oil spill was dc.[cck(l at [ill tlmc  frcqucl]cics ill
the Norih SM. II) addiliml (O radar imagery, lhc SII<OX-SAR akmg-IMck in(crlclmnc[ry allows cs[ima[iml
of surface cummt sped.

(Jd)(vI
1 ;igurc 11 is an ilnasc of 1 m AIIg,clcs, California during tlIc scmnd flighl. ‘1 ‘IIe ocean and h:irlmrs arc at

llIC botlom and Ihc surrounding 1 Idlywoocl 1 lills and San (;abl icl Moutl(ailis toward  the top. ‘1’k  freeways
arc easily dclcclcd as dalk lillcs as is tllc 1,OS AIlgcIcs Aiqmr( b:mlcring (IK occat], I ntcrlnit[cn[ brigh( areas
arc rcflcclioms from roofs, walls, and curbs, where strcc(s  awt h(u]scs run paralkl 10 [I]c ShuIIlc track.

NJMMARY

SIR-( YX-SAR has producd a uiliqucly rich global radar daI;I set for scicl~{ific aIKl u[ili[arian asscssmcm,
which idudc mullip]c frcqucncics,  polari?,alions, incidcncc angles, aspccl  angles and rcsoluti(rns.
1 Il(crfcrwnctric  ]Icight lnc.asurcxmwt  aI)(l usc of S(:ANSAR were dcmoIIsIraIcd. ‘1’llrmgli repeat passes and a
repeat fligli[, a temporal view is available. ‘1’hc SIR-( YX-SAR ICSUIIS slmuld COIIII ilm[c significantly to IIIC
illlcrlmli(mal spaccborl)c imaging rdar k1Knvlc41gc as a basis for fulurc  rc]nolc  Sc[lsinr, endeavors.
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